Introduction
Phosphorus-nitrogen compounds have gained considerable attention due to their biological and pharmacological effects, such as antimicrobial, 1 insecticidal, 2 and herbicidal properties. 3 Especially, different isomers of triazaphospholes possess multiple biological properties including antibacterial 4 and antineoplastic activities. 5 Also, several triazaphosphinine derivatives are present in the pharmaceutical field where they are used as antitumor agents. [6] [7] [8] On the other hand, the pyridine ring is of considerable interest since it is the key component in a range of bioactive naturally occurring and synthetic compounds. 9 The pyridine-3,5-dicarbonitrile was chosen as an important structural scaffold for the design of a reaction-based library. 10 A number of the researches reported the biological activities of pyridine dicarbonitrile as being analgesic, 11 anti-HIV, 12 anti-Alzheimer, 13 anticancer, 14 anti-inflammatory and antibacterial agents. 15 Because of the characteristic properties of the fluorine atom, such as its small size, strong electronegativity and the low polarizability of the C-F bond, it have considerable effect on the biological properties of a molecule. 16 The presence of fluorine into a drug causes simultaneous modulation of its electronic, lipophilic, and steric parameters, which lead to a strong influence in the pharmacokinetic and pharmacodynamics properties of drugs. 17 In the light of these facts, and as a continuation of our reported work on construction of bioactive phosphorus heterocycles, [18] [19] [20] 
Results and Discussion
The starting material, 1,6-diamino-4-(4-fluorophenyl)-2-oxo-1,2-dihydropyridine-3,5-dicarbonitrile (1) was synthesized in one step by the reaction of 4-fluorobenzaldehyde, malononitrile and cyanoacetohydrazide in absolute ethanol containing a few drops of piperidine as a catalyst 21 (Scheme 1). The chemical structure of compound 1 was in accordance with its spectral data. The IR spectrum exhibited vibrational bands for NH 2 , CN, and C=O at 3392-3111, 2219 and 1667 cm -1 , respectively. The 1 H-NMR spectrum showed signals due to two NH 2 groups at δ 5.68 and 7.97, 8.48 ppm and AB system of phenyl group at δ 7.41 and 7.59 (J=9.2 Hz) ppm. Also, the 13 C-NMR spectrum displayed the aromatic carbon atoms and the nitrile groups at the expected chemical shifts. The 1,6-diamino groups are ready-made nucleophilic centers for the synthesis of fused phosphorus heterocyclic rings via their reaction with phosphorus reagents having labile halogen atoms. 22 Thus, treatment of compound 1 with phenylphosphonic dichloride in dry dioxane containing two equivalent amounts of triethylamine led to the formation of 7-(4-fluorophenyl)-2-oxido-5-oxo-2-phenyl-1,2,3,5-tetrahydro [1, 2, 4, 3] triazaphospholo [1,5-a] We also studied the reaction of compound 1 with two examples of phosphorus sulfides. Thus, 1,6-diamino-4-(4-fluorophenyl)-2-thioxo-1,2-dihydropyridine-3,5-dicarbonitrile (7) was isolated as a result of sulfuration process when compound 1 reacted with equivalent amount of phosphorus pentasulfide in dry dioxane (Scheme 4). The spectroscopic data of compound 7 confirmed the disappearance of C=O group. In addition, its IR and Moreover, the 31 P-NMR spectrum of compound 9 displayed a singlet at δ 54.5 ppm which supported the proposed structure. Next, the present study was extended to investigate the interaction of the 1,6-diaminopyridine 1 with three examples of phosphorus esters. Thus, when compound 1 was fused with triethyl phosphate at 80-90 o C, the 2-ethoxy-7-(4-fluorophenyl)-2-oxido-2-oxo-1,2,3,5-tetrahydro [1, 2, 4, 3] triazaphospholo[1,5-a]pyridine-6,8-dicarbonitrile (11) was isolated (Scheme 5). In the same manner, the 1,2,4,3-triazaphospholo[1,5-a]pyridine derivatives 12 and 13 were produced by fusion of compound 1 with diethyl phosphite and tris(2-chloroethyl) phosphite, respectively (Scheme 5). The IR spectra of compounds 11-13 recorded the absorption bands of NH and P=O groups at regions 3295-3429 and 1228-1230 cm -1 , respectively. The characteristic protons of these compounds were observed in their 1 H-NMR spectra. For example, the P-H proton was recorded as a doublet at δ 6.47 (J PH =711 Hz) in compound 12, while the ethoxy protons of compound 11 were resonated as triplet and quartet at δ 1.21 (CH 3 ) and 3.06 (CH 2 ) ppm, respectively. Also, the chloroethoxy moiety in compound 13 was displayed as two triplets at δ 3.54 and 3.83 ppm. Furthermore, the carbon atoms of the ethoxy fragments in compounds 11 and 13 were displayed at δ 18.5, 60.0 and 45.0, 62.5 ppm, respectively. Compounds 11-13 recorded the expected molecular ion peaks in their mass spectra.
ARKAT USA, Inc Compound 13 was ready to cyclize into the annulated triheterocyclic system 14 by heating in absolute ethanol containing a few drops of triethylamine (Scheme 6). 24 The oxazaphospholotriazaphospholopyridine structure 14 was deduced from analytical and spectroscopic data. In the IR spectrum, the only NH group was observed at 3417 cm -1 . In the 1 H-NMR spectrum, the protons of two methylene groups were observed at δ The 1,6-diamino groups as active nucleophilic centers can be used to react with aldehyde and dialkyl phosphite under the Kabachnik-Fields reaction condition to form new 1,2,4,5-triazaphosphinine (cyclic α-aminophosphonate). 25, 26 Thus, compound 1 condensed with acetaldehyde in the presence of diethyl phosphite or phenyl dichlorophosphine at room temperature, followed by heating under reflux to yield two isomeric forms of pyrido [1,2- . 29 The IR spectrum of compound 22 showed absorption bands at 3418 (br, OH, NH), 2964 (CH aliphatic ) and 1230 (P=O) cm -1 . In its 1 H-NMR spectrum, the protons of P-CH 2 fragments were displayed as a multiplet at δ 4.54-5.15 ppm, while the carbon atoms of these fragments were recorded as two doublets at δ 45.0 and 50.5 ppm in the 13 C-NMR spectrum. The 31 P-NMR spectrum of compound 22 was the strongest evidence for the proposed structure, due to the presence of two signals at δ 11.7 and 19.2 ppm. 30 Finally, its molecular ion peak (M + ) was observed at m/z 408, in the mass spectrum. 
Experimental Section
General. The melting points were determined in an open capillary tube on a digital Stuart SMP-3 apparatus. Infrared spectra were measured on a Perkin-Elmer 293 spectrophotometer using KBr disks.
1 H-NMR spectra were recorded on a Bruker 400 and 600 MHz spectrometer. 13 C-and 31 P-NMR spectra were recorded on a Bruker 600 MHz spectrometer operating at 150 and 242 MHz, respectively. Chemical shifts are reported in ppm with respect to the references and are stated relative to tetramethylsilane (TMS) for 1 H-and 13 C-NMR and to 85% phosphoric acid for the 31 P-NMR. Mass spectra were recorded on a Gas Chromatographic GCMSqp Chemical War department, Ministry of Defense. The purity of the synthesized compounds was checked by thin layer chromatography (TLC) and elemental microanalysis. 7-(4-fluorophenyl)-2-oxido-5-oxo-2-phenyl-1,2,3,5-tetrahydro[1,2,4,3]triazaphospholo[1,5-a]  pyridine-6,8-dicarbonitrile (2) . A solution of phenylphosphonic dichloride (0.35 ml, 2.5 mmol) in dry dioxane (5 ml), was added dropwise to a solution of compound 1 (0.675 g, 2.5 mmol) in dry dioxane (30 ml (6) . A solution of phosphorus tribromide (0.25 ml, 2.5 mmol) in dry dioxane (5 ml), was added dropwise to a solution of compound 1 (0.67 g, 5 mmol) in dry dioxane (60 ml) in presence of a catalytic amount of triethylamine (0.7 ml, 10 mmol) at 5−10 o C for 30 minutes. The mixture was heated under reflux for 10 hours. The reaction mixture was concentrated into its third volume and left to cool. The obtained oily product was dissolved in distilled water (15 ml of 7-(4-fluorophenyl)-2-(4-methoxyphenyl)-5-oxo-2-sulfido-5-thioxo-1,2,3,5-tetrahydro[1,2,4,3 Synthesis of 2-ethoxy-7-(4-fluorophenyl)-5-oxo-2-sulfido-1,2,3,5-tetrahydro[1,2,4,3]triazaphospholo[1,5-a 2-(2-chloroethoxy)-7-(4-fluorophenyl)-5-oxo-1,2,3,5-tetrahydro[1,2,4,3]triazaphospholo[1,5-a]  pyridine-6,8-dicarbonitrile (13) . A mixture of tris(2-chloroethyl)phosphite (0.9 ml, 5 mmol) and compound 1 (0.67 g, 2.5 mmol) was fused on water bath for 8 hours. The oily product was dissolved in hot diluted ethanol and left to cool. The formed solid was filtered off and dried to give red solid in 43% yield (0. 8-(4-fluorophenyl)-6-oxo-2,3,6,10-tetrahydro[1,3,2]oxazaphospholo[3`,2`:2,3][1,2,4,3]triazaphospholo[1,5-a]pyridine-7,9-dicarbonitrile (14) . A solution of compound 13 (0.38 g, 1 mmol) was heated in absolute ethanol containing a few drops of triethylamine for 12 hours. After cooling, the solution was poured into ice. The formed solid was filtered off and crystallized from diluted ethanol to give brick red solid in 88% yield (0. 
Synthesis of 1,6-diamino-4-(4-fluorophenyl)-2-oxo-1,2-dihydropyridine-3,5-dicarbonitrile (1).
to cool. The oily products were treated with diethyl ether to give solids which were filtered off and crystallized from diluted ethanol to give orange solids in 45% yield (0.25 g) and 43% (0.24 g), respectively; mp 278−280 o C. IR
